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APPARATUS FOR PRODUCING ION EXCHANGE
PARTICLES CHARGED WITH URANYL IONS

This i is a division of application Ser. No. 926,103, filed
July 19 1978, now U.S. Pat. No. 4,279,866.

FIELD OF THE INVENTION

The present invention relates to an apparatus for
charging particles of weakly acidic cationic ion ex-

change resin with uranyl ions by contacting the resin

particles with a uranyl nitrate solution.

BACKGROUND OF THE INVENTION

The charging of ion exchange resin particles with

uranyl 10ns 1s an early stage in the production of nuclear

fuel particles for fuel elements for nuclear reactors.

- The 10n exchange resin particles of a cationic ion
exchange resin have diameters of about 0.6 millimeter

and, upon charging with uranyl ions, are converted into
nuclear fuel particles in respective carrier bodies. In
‘general, the uranyl-ion-charged particles are dried in air
at temperatures shightly above 100° C. and then are
coked in a protective gas atmosphere at temperatures
between 300° and 1200° C. The particles are sintered to
uranium oxycarbide nuclear fuel particles at tempera-
tures up to 1800° C. This process is described, for exam-
ple, in U.S. Pat. No. 3,438,749 for the productlon of
plutonium oxide particles.

For an especially high concentration of uranium in
particles of weakly acidic cationic ion exchange resins,

mainly two principal parameters must be taken into .

consideration, these parameters being mutually related.

The two parameters are the concentration of uranyl

ions in the uranyl nitrate aqueous solution, which

should be as high as possible, and the pH of the uranyl
nitrate solution.

It has already been descrlbed in German Patent |

DT-PS No. 2,324,792 (see U.S. Pat. No. 3,800,023) that
the uranium concentration and the pH value in the
uranyl nitrate solution can be adjusted by the addition
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cationic ion exchange resin particles stepwise with a
uranyl nitrate solution which from step to step has a
hlgher uranium concentration, in each stage the ura-

 nium concentration being adjusted by the addition of an

alkaline agent which establishs a pH value for each

- stage in dependence upon the uranium concentration

10

which corresponds to the maximum charging of the
cationic ion exchange resin with .ura’nyl ions for the
particular stage.

The pH which is to be established in each stage can
be readlly determined emplrlcally by the addition of
ammonium hydroxide or ammonia and set at that pH

- value at which the precipitation reaction begins.

15

The maximum pH value of the uranyl nitrate solution
1s thus maintained during the charging process by drip-
ping the alkaline agent, preferably ammonium hydrox-
ide, into the solution to maintain the pH constant. Ad-
vantageously, the stepwise contacting of the resin parti-

20 cles with the uranyl nitrate solution whose concentra-

tion is 1n_creased from stage to stage is carried out by
passing the uranyl nitrate solution and the particles in
counterflow to one another. It has been found that

- when this is done, and in addition the pH value in each
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of UO3 powder. The UO; powder must, however, be

produced separately since the uranium is generally pres- :

ent as an aqueous uranyl nitrate solution. -
In the Oak Ridge National Laboratory pubhcatlon
ORNL-TM-4955 of 1975, there is described a process in

which the pH value is established by extraction of the

nitrate ions from the solution with a liquid anion ex- -
changer in a special extraction column. Apart from the
30
process requires the regeneration of the extraction.
agent. In addition, the uranium concentration of the -

extraction apparatus for the urany! nitrate solution, this

uranyl nitrate solution must be held constant by evapo-
ration of the solution. The process is thus associated
with expensive apparatus and with high operating costs.

'OBJECT OF THE INVENTION

The object of our present invention is to provide an
improved apparatus for the production of nuclear parti-
cles charged with uranyl ions which is simpler, operates

45

~ contact with uranyl nitrate solution of the highest ura-

stage 1s adjusted in dependence upon the uranium con-
centration to the maximum pH which can be used be-
fore precipitation begins, an extremely high concentra- -
tion of uranyl ions can be provided in the resin particles.

The aforedescribed process can be carried out by the
apparatus of the invention in such a number of stages,
1.e. at least two, that the solution after the last stage is
practically free from uranyl ions. The particles obtained
have been found to be uniformly charged reprodumbly |
with an especially large quantity of the uranyl ions.

As already noted, the best mode contemplated for the
apparatus in carrying out the invention is to pass the
particles from stage to stage and the solution from stage

- to stage 1n oppostte directions, i.e. in counterflow.

- The fresh resin particles are thus initially brought into
contact with the uranyl nitrate solution of lowest uranyl
ion concentration and ultimately into contact with the
uranyl nitrate solution with the highest uranyl ion con-

- centration. In the first contacting stage, practically all

of the residual uranium in the solution is bound into the
resin particles and the solution is rendered uranium free.
In the final contacting stage in which the resin particles
from a preceeding contacting stage are brought into

nyl ion concentration, it is found that the particles have

‘a high uranyl ion content, so that, after drying, coking

~ and sintering, the nuclear fuel particles will have a max- |
- imum uranium level. | -

‘The pH value of the uranyl nitrate solutlon, durmg -

- the process, can range between 1.8 for the highest ura- .

39

nyl 10n concentration to about 3.5 for the lowest uranyl- -

| 101’1 concentration.

So that the precipitate of uranium in the uranyl n1-' |
trate solution which may be formed locally by momen-

- tary higher concentrations of ammonia can be resolubil-

60

at lower cost than conventional systems of this type and

which makes use of low-cost chemical agents to yield a

practically uranium-free solution at the conclusion of
the charging stages carried out by the apparatus.

SUMMARY OF THE INVENTION

This object is attained, in accordance with the appa-

ratus of our invention, by contacting the weakly acidic

ized, in each stage the resin particles and metal nitrate
solution are continuously mixed. In other words each

- contacting stage can be provided with mixing means to
- Insure a thorough agitation of the resin partlcles and the

65
- tween the resin particles and the concentration of the .

solution with one another. |
The establishment of the charging equlllbrlum be-'

uranyl nitrate solution is accelerated by maintaining the
temperature in each charging stage between 60° and 80°
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C. Optimum results are obtained at a temperature of

about 70° C.

The apparatus of our invention comprises a plurality
of charging cells, one for each of the charging stages,
and within which the particles of the cationic ion ex-
change resin are brought into intensive contact with the
aqueous uranyl nitrate solution containing the uranyl
10ns.

Advantageously, the apparatus includes closeable
conduits for passing the resin particles from stage to
stage, each of the cells being also provided with a con-
duit connected with a dosing device for the alkaline
agent.

A first of the charging stages is provided with a close-
able conduit for introducing fresh resin particles while
the last-stage cell is provided with a feed conduit for the
fresh uranyl nitrate solution. The feeding of the uranyl

10
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nitrate solution from cell to cell is preferably effected

also by closeable pipes or ducts. Advantageously, the
conduits can be provided with pumps or the like, where
desired or necessary, to effect the counterflow of the
resin and the uranyl nitrate solution. The second charg-
ing cell can be provided with a closeable fifting en-
abling withdrawal of a residual solution having a re-
duced uranyl ion concentration and the last cell can be
provided with a closeable conduit for transferring the
particles charged with the uranyl nitrate solution to a
storage vessel from which any excess hquld can be
drained by appropriate means.

The apparatus described above has been found to be
highly advantageous in that it enables the optimum pH
value to be established in each contact cell by the mtro-
duction of the alkali agent.

The alkali agent is, preferably, an ammoniacal aque-
~ ous solution and, as noted, the apparatus may be pro-
vided with means for maintaining a pH between 1.8 and
3.5 constant during the contacting process in each cell.

After each contact stage in one of the contacting
cells, the particles together with the uranium nitrate
solution are transferred to the next contacting cell.
Since the particles are suspended by agitation in this
uranium nitrate solution, such transport is facilitated if
the cells are located one below the other, i.e. 1n a verti-
cal orientation so that the transfer is effected primarily
by gravity.

After transfer of the particles and the solution to the
next cell, the uranyl nitrate solution having a reduced
uranyl ion concentration is removed from the latter cell
and passed to the appropriate higher cell, each time
skipping a cell from which that solution was withdrawn
during the transfer.

As a consequence, the uranyl nitrate solution is
moved up one cell during each phase of the treatment
and the particies are moved down one cell during each
phase.

According to a further feature of the invention, in the
bottom of each of the charging cells, a gas-supply duct,
connected to a compressed air source, is provided and
opens so that air can be bubbled through the cell to
agitate Intimately the particles and the uranyl nitrate
solution as well as any precipitation products which
may form 1n each cell because of the higher concentra-
tion of the ammonium hydroxide at the locations at
which the latter is dripped into the cell. Preferably, the
charging cells are heatable so that a temperature of 60°

to 80° C. is maintained, the preferred temperature being
70° C. as already noted.
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Most effective results are obtained when the concen-
tration of the fresh uranyl nitrate solution has a maxi-
mum of 1.5 moles per liter of uranyl 1ons.

BRIEF DESCRIPTION OF THE DRAWING

The above and other objects, features and advantages
of the present invention will become more readily ap- -
parent from the following description, reference being
made to the sole FIGURE of the drawing which is a
flow diagram 1llustrat1ng an apparatus for carrymg out
the invention in practice.

SPECIFIC DESCRIPTION

As can be seen in the drawing, the apparatus of the
present invention comprises four charging cells 1a, 15,
1c and 1d, located one above the other in a vertical
contacting cascade.

In the first of these contacting cells, i.e. the charging
cell 1a, a closeable feed conduit 2 is adapted to intro-
duce fresh ion exchange resin particles. In this descrip-
tion, a closeable conduit will be understood to mean a
conduit which can be provided with a valve or other
means for effecting the transfer of liquid and/or parti-
cles. Where necessary, of course, pumps can be pro-
vided to act simultaneously as the closing or blocking
means (i.e. when the pump is shut off) and as the dis-
placing means for the liquid or the particles or both.

The resin particles pass from one cell 1¢ downwardly
from cell to cell to the last cell 1d and thus move down-
wardly. This uranyl niirate solution, on the other hand,
passes upwardly through the cascade. |

Fresh uranyl nitrate solution is supplied by the close-
able conduit 3 to the last contacting cell 1d and can be
displaced upwardly, e.g. by suction as required. |

The uranyl 1on concentration decreases from cell to
cell upwardly while the uranium content of the parti-
cles increases step wise from stage to stage down-
wardly.

For the transport of the particles between the con-
tacting cells, ducts 4a—-4¢ with closing means such as
valves Sa-35c¢ are provided. The particles are transferred
together with the uranyl nitrate solution from each
upper cell to the next lower cell. From this next lower
cell, transport ducts 6 and 7 are provided, each skipping
a cell, so as to connect cell 1d with cell 15 and cell 1¢
with cell 1a, respectively. Consequently, once the parti-
cles are transferred to cell 16 together with the uranyl
nitrate solution, the uranyl solution i1s withdrawn via the
pipe 17. The solution for contacting the particles in cell
16 1s withdrawn via pipe 6 from cell 14 to which the
solution has been transterred from cell 1c.

Cell 14 is connected with a reservoir 10 into which
the particles are finally discharged, the receptacle 10
being provided with a strainer through which excess
liquid can percolate to be passed via pipe 11 into cell 1c.

Each contacting cell 1a-14d 1s also provided with a
pipe 12a-12d for the introduction of aqueous ammonia
solution. The pipes 12a-12d are connected with respec-
tive dosing devices 13a-13d which are capable of main-
taining the desired pH in each contact cell. The dosing
units 13a-13d may be connected with pH electrodes
immersed in each cell and operated after establishment
of the optimum pH therein by the emplrlcal INEANSs
described previously.

The pH values are maintained between 1.8 and 3.5 in
the manner previously described. |

Each of the charging cells 1a-1d is additionally pro-
vided with a gas line connected to a compressed air
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scﬁrce"represented at 14 and an appropriate valve. The

gas lines bubble compressed air into the respective cells -
to mtlmately mix the uranyl nitrate solutions and resin -

particles therein.

The air is discharged through outlets 15¢-15d, re- °

sPectwely ‘The outlets are controlled by three-way
valves 16a-16d respectively.

~ The cells 1a-1d are provided with heating elements
- (not shown) which maintain temperatures between 60°
and- '80" and preferably about 70° C. in each cell.

OPERATION AND SPECIFIC EXAMPLE

The cascade shown in the drawing is operated by :

mtroducing into the cell 1d a uranyl nitrate solution
with a uranium concentration of about one mole per

liter. Ammonia is added so as to maintain the pH of the .

“solution in this cell at a value of 2.35. The uranyl nitrate

solution supplied to cell 1c is at a concentration (of
uranium) of 0.58 moles per liter. The pH value is here
established at about 2.45. The uranyl nitrate solution in

cell 156 is 0.04 moles per liter of uranium and the pH
value is set at 3.0 In the first stage cell 1a, the concen-
tration of the uranyl nitrate solution can be less than

0.000004 moles per liter of uranium and the pH value is -

-maintained at 3.5.

The fresh ion exchange particles are intrcdu-ced into

cell 1z and the solution drained therefrom via cell 15
‘and line 17 in the manner described is practically free
from uranium. The particles which remain in cell 16
~contain less than one part per million of uranium.

In cell 15, the particles are charged to 0.16 grams of
uranium per gram of the pure dried resin. In cell 1¢, this

uranium level is raised to 0.82 grams of uranium per

‘gram of the pure dried resin.

In cell 1d, the particles are charged with l 15 grams -

of uranium per grams of the pure dried resin. The resi-

dence time of the ion exchange resm in each of the cells 40

is about 20 minutes.

‘The particles are then processed in the usual manner
by drying, cokefication, sintering, etc to produce the

" nuclear fuel particles.

1. An apparatus for chargmg weak]y ac1d1c cationic

| 10on exchange resin particles wrth uranyl 1cns ccmprls-f":

ing: S S |
at least two contactors arran ged In a vertrcal cascade__”. |

~ one above the other; .
means for introducing fresh resm partlcles 1ntc the_
~ uppermost contactor;

- closeable conduits connecting said uppermost contac-

- tor with the next lower contactor and connecting

the next lower contactor w1th a further contactor

therebelow; .

~ means for introducing a uranyl nitrate solution hav-

~Ing relatively high uranyl ion concentration into
“said further contactor;

A means for transferring uranyl nitrate solutions of

progressively reduced uranyl ion concentration
- from said further contactor to said next lower con-
tactor and from said next lower ccntactor to said
uppermost contactor; .
means for withdrawing a depleted solutlcn frcm said
~next lower contactor; and
~ means for metering the ﬂcw of an alkalrne agent into
‘each of said contactors to maintain a pH level
- therein optimum for the maximum transfer of ura-
nyl ions to the particles therein. |
2. The apparatus defined in claim 1 wherein four such “
contactors are arranged in a cascade, the lowermost
contactor being disposed beneath said further contactor

- and being connected thereto by a closeable conduit, said
apparatus further comprising means for introducing a
- fresh uranyl nitrate solution into said lowermost contac-
- tory ) ' .

means for recovering uranyl nitrate solution and par-
- ticles from said lowermost contactor and separat- |
- ing the latter solution therefrom; and . |
means for transferring the separated latter solution to |
said further contactor. | |

. 3.The apparatus defined in claim 2, further ccmpns-

ing means for introducing compressed air into each of
said contactors for intimately mlxmg the partlcles with

- the solution therem

4. The apparatus defined in clalm 3, further compris-
ing means for maintaining each of said contactors at a

‘temperature of between. 60° and 80° C.
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